The aim of this paper was to evaluate the status and trends of water quality in a stressed coastal lagoon in Cartagena, Colombian Caribbean. The water quality data over an eight-year period was analyzed. The study was focused on water parameters as dissolved oxygen (DO), biochemical oxygen demand (BOD5), chemical oxygen demand (COD), salinity, pH, total dissolved solids, total coliforms (TC), ammonium (NH4 + ) and total phosphorus (TP). The analysis was conducted in line with Colombian national water standard. Results showed that BOD5, COD and phosphorus are out of the limits for this variables in Colombia. Principal components analysis detected four components that explain 70 % of the variance of data and showed that anthropogenic and temporal factors might be affecting the variation.
Introduction
Lagoons are shallow coastal bodies of water separated from the ocean by a series of barrier islands which lie parallel to the shoreline. Inlets, either natural or manmade, cut through barrier islands and permit tidal currents to transport water into and out of the lagoons. Worldwide, lagoons are important for fisheries, ecotourism, protection from storms, washing/bathing, amenity, as well as other industries and ecosystem services. Local industries in particular may benefit from a waterbody that is at least partly sheltered from winds and storm events, thus providing a source of income for local people [1] . Variation in water quality of Coastal lagoon is regularly attributed to anthropogenic activities, as well as natural processes such as hydrological features, precipitation, etc. The input of freshwater and domestic sewage effluent into coastal lagoon waters may have several ecological consequences such as reduce in salinity, organic matter and nutrients increase; algal blooms, formation of hypoxia or anoxia in the bottom water and change in the phytoplankton community structure [2] In Juan polo lagoon, uncontrolled urbanization, high population growth, fuel wood gathering and the lack of residual water treatment facilities are among the major factors threatening mangrove and wetland ecosystems. Different ecotourism activities are being carried out in the lagoon by the natives as an economical opportunity to improve their life, but these activities may also put in risk the persons that take these ecological tours [3] . Multivariate statistical technics become popular for a better understanding of water quality and ecological status, due to their ability to treat large volume of spatial and temporal data from a variety of monitoring sites. In the scientific literature, different statistical techniques, such as cluster analysis (CA), principal component analysis (PCA), and factor analysis (FA) were used for this kind of studies because they are capable to assess temporal and spatial variations in water quality and to identify potential sources of water contamination [4] . Several studies on assessment of water quality have been conducted over the last 20 years in order to evaluate the impact of contamination and other anthropic activities over the water bodies of Cartagena city. In 2001, Lonin modeled the water quality for the ecosystem of the Ciénaga de Tesca coastal lagoon and proposed several actions to improve the quality of water [5] . In 2008, Lonin studied the salinization in the Juan Polo lagoon and advised the opening of another canal to preserve the ecosystem that may be at risk due to this phenomenon [6] . In 2011, Maldonado et al. analyzed four points within the Cienaga de la Virgen and determined that the lagoon water did not comply with Colombian regulations [3] . In 2015, Arenas et al developed a geographic information system and made calculations of water quality indices in the Cienaga de la Virgen, evaluating the efficiency of the different measures taken by the city authorities [7] . All the authors achieved a descriptive analysis of the information, which may be helpful but limited, because it is not possible to determine sources of contamination, besides, authors did not carry out a robust statistical analysis of the data to ensure compliance of the established normativity for water resources. The aim of this paper is to analyze and interpret a large data set obtained from a 14-year (2001-2015) monitoring program in Juan Polo lagoon. To do this, hypothesis testing, matrix correlation and PCA techniques were applied to determine the compliance of the Colombian environmental laws, evaluate the contribution of different parameters to variations in surface water quality and identify possible contamination sources. The results permit to evaluate the evolution of water quality and thus empower authorities to understand the main sources of pollution at the lagoon ecosystem.
Study area
Juan polo lagoon is located in Cartagena, Colombian Caribbean at 10º 30' north and 75º 30' west. The lagoon has a depth of approximately 1 m. The dry period extends from December to April, characterized by strong winds from the NorthNortheast sector and weak and scarce rains. Rainy season extends from May to November and it is characterized by weak winds, of variable orientation and by a regime of rains. In the area there is a variety of mangroves such as Avicennia germinans, mixed with Rhizophora mangle and Laguncularia racemosa, it is also found Conocarpus erectus. In general, mangroves grow around the body of water, forming strips that do not exceed 100 m in width, forming more than 304 hectares of mangrove.
The monitored water parameters, their units and the methods of analysis are summarized in Table 1 . Dissolved oxygen (DO), pH and salinity of each water sample were measured in situ. The other parameters, namely biological oxygen demand (DOB5), chemical oxygen demand (COD), total suspended solids (TSS), ammonium (NH4 + ), total phosphorus (TP), and total coliforms (TC) were analyzed in laboratory following the standard methods for water and wastewater analysis. The obtained data were compared to the threshold values of the Colombian water quality law (decree 1594) adopted by the Ministry of Environment of Colombia [8] . 
Table1. Monitored parameters

Statistical analysis
To assess water quality of Juan polo lagoon were used descriptive statistics, inferential statistics and principal components analysis. Descriptive statistics tools, such as mean, standard deviation, etc. and Inferential statistics techniques like Hypothesis testing and confidence intervals, were used to evaluate if the variability of data is according to the law [9] . To compare dry and rainy season behavior MannWhitney-Wilcoxom test was performed, this is a non-parametric test used as an alternative to the t-test when the population cannot be assumed to be normally distributed.
In order to extract as much information as possible multivariable analysis was performed [10] . Table 2 provides a summary of the minimum, maximum, mean value, standard deviation of 10 measured variables in the Juan polo station, and the recommended guide level allowed for secondary contact water in Colombia. Hypothesis testing showed with a 90 % confidence that the mean is between 5.19 mgL -1 and 5.8 mgL -1 , complying with the law for this parameter. Salinity ranged between 2 and 53.2 %. This variable showed no significance difference between dry and rainy season. This wide range is a signal of a salinization process of the lagoon most of all during rainy season, that might be occurring because of the lack of a continuous communication between the sea and the lagoon. In water, pH regulates basic life-sustaining processes, primarily the exchanges of respiratory gases and salts with the water in which they live. In the study area, the mean pH values of water ranged from 6.57 to 8.83 . pH values were within maximum permissible limit of 6.5-9 prescribed by Colombian laws.
Results and discussion
Biochemical oxygen demand (BOD5) and Chemical oxygen demand (COD)
Biochemical Oxygen Demand (BOD5) is a measure of the amount of oxygen used by microorganisms in the stabilization of biodegradable organic matter, under aerobic conditions, over a period of five days at 20 °C. The hypothesis testing showed that this variable did not meet with water regulation with a confidence of 95 %. During almost all the period the variable is over the permissible limit, the confidence interval was [6.09 mgL -1 -8.31 mgL -1 ]. Figure 2 shows a significance difference between dry and rainy means for BOD5, probably caused by the lack of interconnection with the sea that causes an increase on BOD5 concentration. In this zone, the sources of BOD5 pollution were inputs from domestic sewage, septic tank effluents and animal waste.
Chemical Oxygen Demand (COD) determines the amount of oxygen required to oxidize the organic matter in a water sample, under specific conditions of oxidizing agent, temperature and time. The threshold value of 2000 mgL -1 is not on the regulation but is recommended by local authorities. As seen in Figure 1 , this variable did not meet with the recommended value and in the last couple of years its level has become extremely high. This may be the result of chlorides entering from the sea in rainy seasons and also for chemicals coming from the community. But according to Figure 2 Since the notches in the box plot overlap, it may be concluded, with 95 % of confidence, that the true medians do not differ, which means that the season is not a decision parameter in COD levels but community inputs.
If BOD5/COD ratio is lower than 0.2, it indicates presence of no biodegradable pollutants, if the result is greater than 0.6 the contamination is biodegradable. In Juan polo it ranged from 0.000 to 0.034 which means the presence of chemicals in water, in a threatening level. High BOD5 and COD may have several effects on the aquatic environment, including reducing the water oxygen levels, leading to the reduction of aquatic community biodiversity [12] . 
Total suspended solids and Coliforms
Total suspended solids concentration shows a wide range between 9 and 283 mgL -1 , indicating that the river water had moderately polluted quality according to Colombian standards. In the last five years the lagoon has had an improvement on this parameter may be as result of environmental awareness associated to ecotourism activities. Total coliforms generate an alert to any water system since its presence alone may generate gastroenteritis and cause death as in the case of the E coli strain. As shown in Figure 1 , outliers (104 MPV/100 mL) presented in data corresponded to rainy seasons between 2011 and 2013. High values of coliforms are due to the lack of wastewater treatment facilities and sewage system in this part of the city, in fact people in this area uses the water bodies as wastewater drainage systems.
Nutrients
Phosphorus is an essential element in the growth of plants and animals. It is currently considered one of the nutrients that control the growth of macro algae in water. For this variable there is not enough information to conclude that the mean is lower than 32 gL -1 with a confidence of 95 %. The confidence interval for this variable was [162.6 mgL -1 ; 223.4 mgL -1 ], these values are out of the permissible limits for this nutrient in water and is reaching eutrophication levels (see Figures 1  and 2 ). The sources of phosphorus in the zone are the residual water and organic waste coming from the nearby community. Ammonium values vary between 70 and 1300 gL -1 , which are values allowed by the regulation. Data presented outliers that might be related to excessive waste water inputs into the lagoon. 
Principal components analysis
In order to check if data variables could be factorized the Kaiser-Meyer-Olkin and bartlett's sphericity tests were conducted. KMO showed a value of 0.55 which means that PCA of the variables is suitable. Bartlett's Sphericity test rejected the hypothesis that variables were uncorrelated at a significance level of 0.05 (p-value= 0.028). The scree plot ( Figure 3 ) was used to identify the number of PCs in the data. This figure shows that only four components has eigenvalues greater than one. Because of this, four components were retained and explain 85 % of the variance or information contained in the original data set.
Four principal components were extracted with eigenvalues > 1, that explained 69 % of the total variance in data (see Table 3 ). The first factor explained 27.3 % of the total variance, with moderate positive loadings of BOD5, SST, Sal and pH, and moderate negative loading of TC and could be attributable to the physical and biochemical properties of the water, and to natural weathering of the zone. Second component explained 17 % of the variance, with moderate positive loadings of DO and salinity and moderate negative loading of NH4 + , this could be due to natural and anthropogenic (urban wastewater) pollution sources.
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Figure 3. Scree plot
The third factor explained 12.58 % of the total variance and showed moderate relation with NH4+ and total coliforms. This factor may be associated to influences from municipal point-source discharges (coming from Cienaga de la Virgen) and/or domestic sources. The fourth component accounting for the lowest total variance (12.05 %), has a strong positive loading on phosphorus and moderate negative on COD, which indicates anthropogenic source of contamination. Principal Components analysis identified the potential contamination sources of the Juan polo lagoon. This contamination is due to a mixed source including natural processes and anthropogenic activities. The discharging untreated urban wastewater and solids into water system constitutes the major point anthropogenic contamination source. The connection of the lagoon with the contaminated Cienaga de la Virgen also promotes the bad quality of water in the lagoon. Additionally, the poor communication with the sea (natural process) might be influencing some variables.
Conclusions
Descriptive and inferential statistics showed that almost all monitored variables did not meet with threshold values to preserve flora and fauna established by the Colombian law. BOD5, COD and phosphorus presented concerning values that may become a threat for human health. The PCA techniques helped in identifying the factors or sources causing the degradation of water quality. The cause of quality variations is mainly related to urban wastewater discharge. Temporal variation is controlled by the closure of the communication between lagoon and the Caribbean Sea. It is necessary to define action in order to minimize the accumulation of pollutants in water that may deteriorate the quality of water, like the implementation of bio-filters using native mangrove wetlands. Results also showed how important is the multivariate statistical evaluation of large datasets to get better information about the quality of water, which may help local authorities to take better environmental decisions.
